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PRINCETON ADVANCED SATELLITE STUDY 

I.  Introduct ion 

Perkin-Elmer was awarded a f e a s i b i l i t y  study program by Princeton 
Universi ty  Observatory on March 8, 1965 under Subcontract N o .  1, NASA Grant 
NGR-31-001-044. The purpose of t h i s  program w a s  t o  s tudy general  problems of 
l a rge  high r e s o l u t i o n  o p t i c a l  instruments w i t h  an ape r tu re  between 30" and 
120" diameter i n  space, and the  s p e c i f i c  problems assoc ia ted  with a h i g h  
resolut ion,  UV spectrometer photometry, imaging te lescope of 40" diamett 1- 
aper ture  on board an OAO. Work through August 1965 r e s u l t e d  i n  a concept 
f o r  a te lescope magnetically susgended i n s i d e  an OAO spacecraf t  w i - i i i h  c&n 
be used foroh.'$ r e s o l u t i o n  ( 0 . 1 A )  s p e c t r a l  i n v e s t i g a t i o n s  down t o  approxi- 
mately lOOOA wavelength, and high reso lu t ion  s t a r  imagery with close t o  
d i f f r a c t i o n - l i m i t e d  performance. The progress  of t he  e f f o r t  through the  end 
of August 1965 w a s  documented i n  the Semi-annual Progress Report submitted 
t o  PUO. 

The o r i g i n a l  scope of  t h e  s tudy e f f o r t  (Phase I )  was increased 
on September 24, 1965 by Phase I1 which broadened the  program t o  study a l s o  
t he  mer i t s  accruing from a combined manned v e h i c l e  and astronomical package 
payload, s p e c i f i c a l l y  t h e  use of an Apollo Extension System i n  combination 
wi th  the  OAO s p a c e c r a f t  equipped with the  high r e s o l u t i o n  instrument.  With 
the  award of Phase I1 the  Grurmnan A i r c r a f t  Engineering Corporation en tered  
a subcontract  with the  Perkin-Elmer Corporat ion t o  a s s i s t  i n  the  s p e c i f i c  
aspec ts  of a s s o c i a t i n g  an OAO with a manned space s t a t i o n ,  an a rea  GAEC i n -  
ves t i g a t e d  on previous occasions. 

The r e s u l t s  of both phases of t h i s  study a r e  incllAdcd i n  the 
f i n a l  r e p o r t  which i s  comprised of four  volumes a s  defined toelC\Y. 

Volume I - Summary. 

Volume I1 - Generp.1 Problems Associated i:, 
Spaceborne Telescopes.  

Volume 111 - 40-inch System Descript ion.  

Volume I V  - OAO/APEP i n  Associat ion with AAP. 

1 
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E l P  
Newton- c m  

gm 

3.18 x lo6 
2.89 x lo6 
2.56 x lo6 

15.40 x lo6 
1.85 x lo6  
5.56 x lo6 

11. General Problems Associated With Spaceborne Telescopes 

& 

The general  por t ion  of t he  study w a s  d i r ec t ed  towards exploring 
the  f a c t o r s  most l i k e l y  t o  compromise the r e so lu t ion  c a p a b i l i t y  of a l a rge  
aper ture  te lescope.  
par ison of the  r e l a t i v e  s u s c e p t i b i l i t y  of var ious mirror-mater ia ls  and 
configurat ions t o  e l a s t i c  s t r a i n  during test, p l a s t i c  s t r a i n  during launch, 
and thermal s t r a i n  and long-term dimensional changes during operat ion.  
Also considered is  the temporal va r i a t ion  i n  hea t  f l u x  and t h e  e f f e c t  of 
t h i s  on t h e  o p t i c a l  system. F ina l ly ,  the t h e o r e t i c a l  point ing accuracy 
determined by s t e l l a r  magnitude, a p e r t u r e  diameter, and system bandwidth 
i s  derived. 

This i s  descr ibed i n  Volume I1 which includes a com- 

The following t a b l e  and i l l u s t r a t i o n s  summarize the more i m -  
po r t an t  f indings of t h i s  general  port ion of the study. 

TABLE 1 

PHYSICAL PROPERTIES OF MIRROR MATERIALS 

Mater i a1 

Fused S i l i c a  

Pyrex - 7740 
Aluminum 

Be r y  1 1 ium 

Invar  (36% N i )  

S i li c on 

K / W p  

oc cm-2 
s e c  

14.50 x lo3 
1.44 lo3 

38.20 x l o3  

37.50 x lo3 
26.30 x lo3 

230.00 x lo3 

Coeff ic ient  
of Expansion (a) 

-1 
OC 

0.55 x 

3.20 x 

23.90 x 

12.40 x lom6 
1.30 x 

4.15 x 

Three f i g u r e s  of merit for s e l e c t i o n  of a mir ror  ma te r i a l  a r e  
presented here .  These a re :  the r a t i o  of thermal d i f f u s i v i t y  to  coe f f i c i en t  
of expansion, K / c a p  (important i n  the  determining temperature d i s t r i b u t i o n  
and r e s u l t i n g  thermal d i s to r t ions ) ,  the c o e f f i c i e n t  of expansion, a (important 
i n  g l a s s e s  when thermal emri rowent  determines temperature d i s t r i b u t i o n ) ,  
and the  r a t i o  of modulus of e l a s t i c i t y  t o  density,  E / p  (important i n  de te r -  
mining de f l ec t ions  during working and t e s t i n g  i n  g rav i ty  environment). 

Best Figure of Merit f o r  Temperature Di s t r ibu t ion  - Si l i con  
Best Figure of Merit for Coeff ic ient  of Expansion - Fused S i l i c a  
B e s t  Figure of Merit f o r  Rigidi ty  - Beryllium 

3 
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Figure 1. Reflectance of Aluminum Based Ref l ec t ive  Coatings 

0 

Below 1600A, t h e  formation of a t h i n  oxide coa t ing  drops the  r e f l e c t i v i t y  
of aluminum from above 80% t o  very low va lues ,  L i F  and MgF2 can be used 
t o  i n h i b i t  oxide formation but  a l s o  begin t o  absorbobelow 1200A. No good 
r e f l e c t i v e  coating is apparent f o r  the  9001 t o  lOOOA region.  

0 

4 
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I I 
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I 

- Orbital P o s i t i o n  - Degrees 

OP e 
End 

M i r r o r  
End 

Figure 3 .  Thermal Behavior of a 40 Pound Aluminum 
Telescope Tube (40" D i a .  x 80" Long) 

Numbered curves show the  temperature v a r i a t i o n  f o r  var ious p a r t s  of the 
te lescope tube as a funct ion of p o s i t i o n  i n  the  e c l i p t i c  o r b i t a l  plane.  
A s inusoidal ,  i s o t r o p i c  h e a t  f l u x  i s  assumed t o  e x i s t  a t  the  open end 
of the  te lescope tube. This i s  shown i n  the top curve.  
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3 arc-min. ( D i a . )  
Ref lect ing Optics 

En t r ance Aperture 

1 arc-min. (Dia.) Hole 

Dividing P r i s m  

I 
I 

I 

Focal Plane 

I 

Guide S t a r  Image 
Offse t  I Focal Plane 

Dividing Prism 

Grea ter  Than 1/2 arc-min, 

Coarse Sensor 

Figure 5. Guide S t a r  Two Field-of-View O p t i c a l  
Sensor P r inc ip l e  (S ingle  Axis-Schematic) 

The te lescope poin t ing  system e r r o r  a n a l y s i s  w a s  based on the  
above o p t i c a l  sensor  p r i n c i p l e  which opera tes  i n  the  following 
manner. 
minute, the s t a r  l i g h t  i s  r e f l e c t e d  t o  the  coarse  sensor  d iv id-  
ing p r i s m  i n  the  f /10  foca l  p lane .  For e r r o r s  l e s s  than * 1 / 2  
arc-minute, the l i g h t  proceeds d i r e c t l y  t o  the  f i n e  sensor  p r i s m  
i n  the  f/200 f o c a l  plane.  

For angular  po in t ing  e r r o r s  g r e a t e r  than *1/2 a rc-  

8 
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I I I I I I 

I I I 1 I I I I 
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Star  Magnitude (mv) 

Figure 6 .  Minimum RMS Pointing Error  (E ) Versus 
S t e l l a r  Magnitude P 

Using the  o p t i c a l  sensor  p r inc ip l e  of Figure 5, and zero 
background and dark cu r ren t  noise  condi t ions,  the  above 
minimum poin t ing  e r r o r s  can be r ea l i zed .  

9 
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111. 40-Inch System Descript ion 
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Volume 111 descr ibes  an Advanced Princeton Experiment Package 
(APEP) which has been t a i l o r e d  t o  f i t  i n t o  the same outer  vehic le  used f o r  
the  Orbi t ing Astronomical Observatory (OAO) s e r i e s  of s a t e l l i t e s .  
experiment package contains  a 40-inch diameter Cassegrain te lescope which 
i s  used i n  conjunction with t w o  SEC Vidicons f o r  h igh- reso lu t ion  spectro-  
photometry and d i f f r ac t ion - l imi t ed  imagery i n  the  v i s i b l e  and UV s p e c t r a l  
regions.  
raphy orimagery so  t h a t  f a i l u r e  of one vidicon does no t  compromise the 
experiment ob jec t ives .  

The 

The o p t i c a l  system allows e i t h e r  vidicon t o  be used f o r  spectrog- 

The major innovation incorporated i n t o  the design i s  a suspen- 
s ion  system which allows the experiment package t o  f l o a t  with respec t  t o  
the ou te r  OAO veh ic l e .  This minimizes the  e f f e c t  of dis turbances a r i s i n g  
from the  momentum wheels and gas j e t s  i n  the outer  vehic le  and permits the  
te lescope  t o  use the e n t i r e  OAO vehicle  as a momentum wheel. 
point ing s t a b i l i t y  i s  obtained by f ix ing  the o r i e n t a t i o n  of the te lescope 
with respec t  t o  two guide stars located wi th in  i t s  f i e l d  of view. 
guidance system i s  designed t o  handle the r e l a t i v e l y  high angular displace-  
ments and displacement r a t e s  encountered during acqu i s i t i on .  It i s  a l s o  
capable of minimizing high frequency disturbances due t o  s t a t i s t i c a l  va r i a -  
t i ons  i n  photon a r r i v a l  rates as wel l  as low frequency dis turbances due t o  
magnetic and g rav i ty  g rad ien t  torques.  

Long term 

The 

A d e t a i l e d  mechanical ana lys i s  taking i n t o  account the e f f e c t  
of the  launch environment has no t  been performed on any p a r t  of the experi-  
ment package. 
intended t o  ind ica t e  the design concept only, and a r e  not  meant t o  convey 
a completed design. 
performance. 

The s t r u c t u r e s  shown i n  many of the  following f igu res  are 

Graphs a r e  a l s o  included t o  depic t  the point ing system 

Figure  8. OAO Vehicle and Advanced Princeton Experiment Package (APEP) 

During normal operat ion,  the  experiment package f l o a t s  wi th in  the  OAO veh ic l e  
and uses  i t  f o r  a momentum wheel. 

11 
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,TELESCOPE TUBE 

PRIMARY MIRROR 
/ENGAGEMENT PINS 
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Figure 9. Optical Package 
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Figure 

Last Corrector  Element 

Diagonal F l i p  Mirror 

&-Microscope Objective 
( B a l l  Lens) 

Fo 1 ding F l a t  

12. 

SEC Vidicon 
6 

S e n s i t i v e  Sur 

Imaging 

face 

The s m a l l  diagonal f l i p  mir ror  s i t u a t e d  under the  last te lescope  f i e l d  c o r r e c t o r  
and i n  t h e  f /10  f o c a l  plane r o t a t e s  about t h e  o p t i c a l  axis t o  d i r e c t  the image 
beam t o  one o r  t he  o the r  i d e n t i c a l  imaging system as soc ia t ed  wi th  each vidicon. 
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f /10 
Focal Plane 

/- LiF* 

F i g u r e  13. Wide F i e l d  Microscope Object ive (f /3 .7 ,  0.2~ - 0.6~) 
Since a l l  su r f aces  a r e  concentr ic ,  there  This is  a "ba l l  lens" type of design. 

i s  no op t i ca l  ax i s  and, therefore ,  no o f f - a x i s  a b e r r a t i o n s  which normally re -  
s t r i c t  the f i e l d  of more conventional lens  types.  

16 
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Energy enters the spectrograph through a small s l i t  i n  the diagonal f l i p  mirror 
and s tr ikes  a spherical predispersion grating. 
about the optical axis directs the energy into one or the other of a pair of 
echel le  gratings associated with each vidicon. 

Rotation of the predispersion 

17 
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Figure 15. Image Mover Assembly 

The image mover assembly r e l ays  a guide s tar  image from i t s  normal p o s i t i o n  i n  the 
te lescope f i e l d  t o  a pos i t i on  c lose  t o  the te lescope  o p t i c a l  a x i s .  The po r t ion  of 
the te lescope f i e l d  t o  be relayed by the  image mover i s  s e l e c t e d  by s l i d i n g  the 
negat ive lens and diagonal mir ror  assembly i n  and out  as shown by the bold and 
phantom views and by r o t a t i n g  the  e n t i r e  image mover assembly about an axis through 
the p o s i t i v e  lens  diagonal mir ror .  
immediately above the  f/10 f o c a l  plane do n o t  r o t a t e  bu t  remain f ixed .  

The coarse guidance p r i s m  and the small  mir ror  

18 



PERKIN-ELMER Report No. 8346(1) 

Figure 16. Image Mover in Skewed Position 
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I 

I 

Figure 17 .  Coarse Point ing System 

Guide s ta r  images which f a l l  ou t s ide  of the  f i n e  guidance f i e l d  of view i n t e r -  
cep t  the bevelled top of the  coarse  guidance p r i s m .  
t o  one of four pos i t i ons  on an o p t i c a l  encoder which causes the  var ious quadrants 
t o  be seen a l t e r n a t e l y  by two phototubes.  
provides guidance e r r o r  s i g n a l s .  

This d i r e c t s  the image beam 

The phase of t he  r e s u l t a n t  s i g n a l  

20 
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Figure 18. Fine Guidance System 

Guide s t a r  images are relayed by the image movers t o  pos i t i ons  c lose  t o  the 
o p t i c a l  ax i s .  
i n t e r c e p t i n g  a p a i r  of image dividers  i n  the f/200 image plane. 

From here, they follow a path similar t o  the image beam u n t i l  

2 1  
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Figure 20. Point ing Errors Versus Disturbance Torques 
(F ina l  Tracking Mode - Pi t ch  and Yaw Axes) 

I f  var ious magnitudes and periods of s inuso ida l  d i s turb ing  torques 
a r e  appl ied  t o  the te lescope p i t c h  and yaw axes, the  r e su l t i ng  
poin t ing  e r r o r s  occur f o r  a servo system employing low bandpass 
techniques.  

23 
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Figure 2 1 .  Point ing Error  Versus S t a r  Magnitudes 
(P i t ch  and Yaw Axes) 

The telescope point ing e r r o r s  due t o  n o i s e  (random) vary as a 
function of s t e l l a r  magnitude as shown f o r  a se rvo  system with 
a constant  bandwidth. 
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Figure 22. Roll Axis Pointing Errors Versus Disturbance Torques 

If various magnitudes and periods of sinusoidal disturbing torques 
are applied to  the te escope r o l l  axis,  the resulting pointing 
errors occur for a servo sys tern employing low bandpass techniques. 
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Figure 23 .  Echelle Spectrograph Format 
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Lines corresponding t o  longer wavelengths and lower diffraction orders become 
longer and the space between them increases rapidly. 
sens i t ive  surface, a number of s t e p s  w i l l  be required to  cover the complete spectrum- 

With a 20 x 15 mm vidicon 
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Figure 24. Four-Element Spectrograph 

A s p h e r i c a l  co l l imat ing  mir ror  d i r e c t s  energy onto a f l a t ,  low dispers ion,  
p red i spe r se r  and then onto a f l a t  high ciispersion eche l l e  g ra t ing .  
d i s p e r s e r  and e c h e l l e  g ra t ings  a r e  arranged s o  t h a t  t h e i r  d i spers ion  d i r ec -  
t i o n s  are crossed.  A second sphe r i ca l  mir ror  focuses the r e su l t i ng  two- 
dimensional spectrum on the  s e n s i t i v e  sur face  of the  vidicon. 

The pre- 
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Figure 25 .  Two-Element Spectrograph Design 

A sphe r i ca l  predisperser  i s  arranged s o  as t o  d i r e c t  a converging beam on a 
f l a t  e c h e l l e  gra t ing  which fo lds  the  beam s o  t h a t  i t  focuses  on the  v id icon  
face. 
o r i e n t a t i o n  of both g ra t ings .  

The spec t r a l  region seen by the  v id icon  i s  v a r i e d  by changes i n  the 
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- 

I V .  OAO/AF'EP i n  Association with AAP 

5 

The bene f i t s  and design c r i t e r i a  a r i s i n g  from assoc ia t ing  an 
advanced OAO experiment with a manned Apollo mission a re  explored i n  Volume 
I V .  The study assumes t h a t  man-assisted opera t ion  of the OAO occurs during 
the f i r s t  30 days i n  o r b i t ,  bu t  t h a t  the OAO i s  capable of remote operat ion 
during the  remainder of i t s  one year  expected l i f e .  
e x i s t i n g  systems and technology a r e  contemplated i n  order  t o  f a c i l i t a t e  a 
1972 launch. The r e s u l t s  of the study i n d i c a t e  t h a t  a gimballed connection 
between the  connnand module and OAO vehic le  i s  f e a s i b l e .  A 300 mile o r b i t  
appears t o  be the  bes t  compromise t o  ensure a one-year opera t iona l  l i f e  f o r  
the OAO vehic le  and a t o l e r a b l e  r ad ia t ion  hazard t o  man. Radiation induced 
fogging and g ra in iness  appears t o  be a s i g n i f i c a n t  problem even with very 
t h i n  photographic emulsions such as those of the Schumann type. Poss ib le  
means of a l l e v i a t i n g  t h i s  problem include a heavi ly  sh ie lded  (using low-z 
ma te r i a l )  f i lm s torage  container ,  an ex t ra -vehicu lar  a c t i v i t y  (EVA) schedule 
which avoids photographic exposures during passage through the  South A t l a n t i c  
anomaly, and photographic development immediately following exposure. L i m i t a -  
t i ons  and considerat ions per ta in ing  t o  the  use of f i l m  by the  as t ronauts  i n  
o r b i t  a r e  shown j n  the  following t ab le  and graphs. 
pounds of sh ie ld ing  w i l l  permit f i lm su rv iva l  f o r  e i g h t  days. 

Wherever possible ,  

Ind ica t ions  a r e  t h a t  100 

Estimated 1972 

1 , , 1 , 1 , / , , , , ,  

C e n r h t e r s  Sh ie ld  Thickness 

0 1 2 3  4 5 6 

100 I I 8 I I 

4 p / c m 2  of s h i e l d i n g  provided 
by spacecraf t  not included i n  weight 

/ Q 

Figure 26 .  Shielding Weight Needed t o  Shield a 
Cyl indr ica l  Volume (8 Inch Diameter by 
4 Inches) From Doses Exceeding One Radian 
as a Function of Days Exposure 
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TABLE 2 

ADVANTAGES AND DISADVANTAGES OF SPECTROSCOPIC PLATES 
AND FILMS (103a AND I Ia )  

Advantages 

Re la t ive ly  low r ec ip roc i ty  f a i l u r e  

Re la t ive ly  high abrasion to le rance  

D i s  advan t ap es 

Re la t ive ly  high s e n s i t i v i t y  t o  
Van Allen B e l t  r ad i a t ion .  

Diminishin s p e c t r a l  s e n s i t i v i t y  
Available i n  qu i t e  convenient forms below 2500 1 . 
Good s p e c t r a l  s e n s i t i v i t y  a v a i l a b l e  
between 25001 and 7000A 

Acceptable resolving power environment f o r  long t i m e  per iods .  

B i m a t  processing n o t  recommended. 

Should n o t  be i n  hard vacuum 

ADVANTAGES AND DISADVANTAGES OF UV COATED SPECTROSCOPIC PLATES 
AND FILMS (103a AND I Ia )  

Advantages 

Uniform spegt ra l  respgnse poss ib l e  
between 800A and 3000A 

D i  s advan tag e s 

P l a t e s  a r e  not  suppl ied  coated.  
Customer must apply.  

May be used i n  hard vacuum 

Re la t ive ly  high abrasion to le rance  

Some coa t ings  must be removed 
wi th  a special  s o l u t i o n  p r i o r  
t o  processing.  

Re la t ive ly  low r e c i p r o c i t y  f a i l u r e  

Coatings do not appreciably reduce S p e c t r a l  s e n s i t i v i t y  r e l a t i v e l y  

B i m a t  processing no t  recommended. 

inherent  f i l m  resolving powers low. 

Available i n  q u i t e  convenient forms Resolving power r e l a t i v e l y  low, 

ADVANTAGES AND DISADVANTAGES OF "SCHUMA"" EMULSIONS 
(SWR. DC-3. SC-5. AND SC-71 

Advantages 

Re la t ive ly  l o w  s e n s i t i v i t y  t o  
Van Al len  B e l t  r ad i a t ion  

D i  s advantages 

Resolving power may be s l i g h t l y  
lower than des i r ed .  

Rec ip roc i ty  f a i l u r e  a t  long 
exposures.  

Very low ab ras ion  to le rance .  Hand- 
l i n g  i s  very  d i f f i c u l t .  
e s s i n g  n o t  recommended. 

Avai lab le  i n  very l imi t ed  forms. 

B i m a t  proc- 
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Higher tolerance t o  vacuum 

Re la t ive ly  high s e n s i t i v i t y  i n  UV 
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Figure 2 7 .  Shielding Requirements as a Function 
of Number of Days Exposure 
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V .  Recommendations for Additional Effort 
The following table lists reconmendations for future effort and considera- 

tion so 
general 

1. 
2. 

3. 

4 .  
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

13. 
14. 
15. 
16. 

17 i 
18. 
19. 

20. 

21. 

22. 

that the system concept developed in :he study can be advanced from a 
feasible approach to that of optimization: 

TABLE 3 
The possibility of silicon as a mirror material. 
Study of radiation effects and hard vacuum on mirror materials 
and coatings . 
The possibility of composite mirror structures (quartz egg-crate 
structure stuffed with aluminum wool). 
Optimization of radiation coupling of optical elements. 
Complete thermal analysis (including effect of internal heat sources). 
Keeping full-scale aock-up current. 
Design of a breadboard image mover. 
Optimization of primary optics and relaying microscope design. 
Selection of a two versus four-element spectrograph through computer 
analysis. 
Completion of spectrograph optical design. 
Further analysis of interlacing the spectrum on the vidicons. 
Grating development and efficiency measurements of the finally selected 
gratings. Optical bencii setup to verify spectrometer design using visual 
wave length mode 1. 
Allocation of optical element figure tolerance. 
Further investigation of an optical system with the exit pupil at infinity. 
Further investigation of coma, and design of a coma detector breadboard. 
The ertrect cr KernperaLUre rcduc;:;~a ;;; ==:i--An4+y r----- 6 - i  1 1 1 ~ ~  o f  ITV 
film (particularly on Schumann type emulsions). 
Further study of processing UV type film in zero-g gravity. 
Optimization of film shielding including design and configuration. 
Multiple-axis computer simulation of pointing and magnitic centering 
servo system. Further study of expected torque disturbance, mechanical 
resonances, rigid body cross-coupling, and system simplification would 
compliment this simulation. 
Further study and implementation of pulse-processing techniques to 
reduce cosmic ray noise. 
Electronics systems optimization to reduce power requirements and 
information system (telemetry) preliminary design. 
Study of system reliability, failure modes, and modularization for 
replacement by astronaut. 
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V I .  Se lec ted  Design Parameters 

Optics: Cassegrain Telescope 
Primary Mirror 40 Inch Dia, f / 2  
Secondary Mirror 8 Inch Dla, 5X 
F i e l d  of View, Uncorrected approx. 2 arc-minutes 

Corrected 30 arc-minutes 
R e  1 ay ing Micros c ope 
Spectrograph (Echelle Type) f/10 

20x 

Wavelength Range 900 t o  30001 
Resolution IO,OOO ( a t  I O O O ~ )  

Recording Sensor SEC Vidicon (nominal) 
W F i l m  (during manned 

por t ion)  

Guidance: Magnetically Suspended Telescope 
Guidestar F i e l d  
Guides t a r s  
I n i t i a l  Pos i t ion  Er ro r  f o r  

A c  quis i ti on 
Pi tch  and Yaw Axes 
Roll  

I n i t i a l  Rate Error f o r  

Acquis i t ion Time 
R.M.S. Point ing J i t t e r  

~111s 11 t h  Magnitude, 
s t a r / l 6  a rcminu tes&-  
b a ckg r ound) 

Ac quis i t ion 

(12th Magnitude Guidestar  

i n  Spacecraf t  
30 arc-minutes 
1 arc-minutes 

+1 arc-minute 
+2 degrees 

1 a r c m i d s e c  
2 minutes 

0.01 arc-second 

Spacecraf t :  Objective High Resolution (Di f f r ac t ion  Limited 
Performance) Visual  and Spectrographic 
Observation of S t a r s  

Orb i t a l  Al t i tude  300 naut .  miles 

Man's Pa r t i c ipa t ion  OAO Gimbal-connected t o  AAP 
. Lifetime 1 year  

Duration - - - - - - - - - approx. 30 days 
Tasks _ - - - - - - - - - -  I n i  ti a1  Checkout , 

Malfunction Correction, 
Photographic Opera ti on 
of Telescope. 
Poss ib le  Rendezvous a t  
Later T i m e  With 
Gimbal Re-connection. 

E a r l i e s t  Possible  Launch - - - - - 1972 


